To determine independent effects of maternal smoking and infant low birth weight (less than 2,500 g) on risk of sudden infant death syndrome (SIDS) among different ethnic groups, the authors conducted a population-based case-control study based on the 1984-1989 Washington State birth record data. Two control groups were selected for 916 SIDS cases. The first one comprised 3,704 randomly selected controls, matched to cases by birth year, to describe the characteristics of the study population. In the second control group (n = 6,186), minorities were oversampled, by matching to cases on maternal race/ethnicity and birth year, to increase the power of analysis within each ethnic group. All subjects were classified into five groups on the basis of maternal race/ ethnicity: white, black, American Indian, Asian, and Hispanic. After controlling for confounders, the authors found that maternal smoking was independently associated with SIDS among whites (odds ratio (OR) = 2.2, 95% confidence interval (Cl) 1.8-2.6), blacks (OR = 3.1, 95% Cl 1.7-5.9), Asians (OR = 2.7, 95% Cl 1.1-6.6), and Hispanics (OR = 5.5, 95% Cl 1.4-22.0), but had little relation among American Indians (OR = 1.4, 95% Cl 0.9-2.4). Infant low birth weight was independently related to SIDS among whites (OR = 2.5, 95% Cl 1.8-3.4) and American Indians (OR = 5.5, 95% Cl 2.8-11.2) and to a lesser extent among blacks (OR = 1.9, 95% Cl 0.8-4.1), but not among Asians (OR = 1.1, 95% Cl 0.2-5.2) or Hispanics (OR = 1.2, 95% Cl 0
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To determine independent effects of maternal smoking and infant low birth weight (less than 2,500 g) on risk of sudden infant death syndrome (SIDS) among different ethnic groups, the authors conducted a population-based case-control study based on the 1984-1989 Washington State birth record data. Two control groups were selected for 916 SIDS cases. The first one comprised 3,704 randomly selected controls, matched to cases by birth year, to describe the characteristics of the study population. In the second control group (n = 6,186), minorities were oversampled, by matching to cases on maternal race/ethnicity and birth year, to increase the power of analysis within each ethnic group. All subjects were classified into five groups on the basis of maternal race/ ethnicity: white, black, American Indian, Asian, and Hispanic. After controlling for confounders, the authors found that maternal smoking was independently associated with SIDS among whites (odds ratio (OR) = 2.2, 95% confidence interval (Cl) 1.8-2.6), blacks (OR = 3.1, 95% Cl 1.7-5.9), Asians (OR = 2.7, 95% Cl 1.1-6.6), and Hispanics (OR = 5.5, 95% Cl 1.4-22.0), but had little relation among American Indians (OR = 1.4, 95% Cl 0.9-2.4). Infant low birth weight was independently related to SIDS among whites (OR = 2.5, 95% Cl 1.8-3.4) and American Indians (OR = 5.5, 95% Cl 2. 8-11.2) and to a lesser extent among blacks (OR = 1.9, 95% Cl 0.8-4.1), but not among Asians (OR = 1.1, 95% Cl 0.2-5.2) or Hispanics (OR = 1.2, 95% Cl 0.1 -11.5). The misclassification that may occur because of the application of the same definition of tow birth weight to all ethnic groups may be the main reason for the weaker association between infant low birth weight and SIDS among blacks and the absence of an association among Asians and Hispanics. Defining low birth weight as below population mean minus 1.96 standard deviations may provide better insight into the relation between low birth weight and SIDS. Understanding the reasons for the lack of a strong association between maternal smoking during pregnancy and SIDS among American Indians may enhance our knowledge of the etiology and pathogenesis of SIDS. Am J Epidemiol 1991 ;134:958-64.
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In the United States, the incidence of sudden infant death syndrome (SIDS) varies among different ethnic groups. It is highest among American Indians and blacks and lowest among Asians and Hispanics (I-4). It is not clear, however, whether this varia-
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tion is due to different magnitudes of exposure (e.g., different exposure frequencies) to the same risk factors or to different sensitivities to these risk factors among different ethnic groups. Maternal smoking during pregnancy and infant low birth weight have been shown to be major risk factors for SIDS in several studies in which a large proportion of the study population was white (5) (6) (7) (8) (9) . This study was undertaken to determine whether these two risk factors are associated with SIDS among various ethnic groups. In addition, it has been reported that racial discrepancies in the relation between low birth weight and infant mortality may, at least in part, be due to applying the same criterion for low birth weight to all ethnic groups (10) . Thus, we also sought to investigate this issue in the context of the relation between low birth weight and SIDS.
MATERIALS AND METHODS
A population-based case-control study was conducted using the 1984-1989 linked Washington State birth and death certificate tapes of singleton births. Washington State has a complete linkage for every infant death since 1983. Following the standard coding procedures for cause of death according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), SIDS was recorded as the underlying cause of death on the death certificate tape when it was listed as the only cause of death on the death certificate (details can be found in the instruction manual prepared by the National Center for Health Statistics). The death certificate tape used for the study contained final and updated information about the cause of death with all the necessary amendments on causes of death completed. Cases for the study comprised 916 infants who were born to Washington State residents for whom SIDS (ICD-9-CM code 798.0) was listed as the underlying cause of death on the infant death certificate tape. Over 95 percent of the cases had received an autopsy. Two control groups were selected for the study. The first control group comprised 3,704 infants randomly selected from birth certificates of children who were born to mothers residing in Washington State and who did not die of SIDS. They were frequency matched to cases on year of birth with a control-case ratio of four to one. In order to increase the power of analyses within the individual ethnic groups, a separate control group was randomly selected for each minority ethnic group with a controlcase ratio large enough to allow derivation of stable estimates (total number of controls = 6,186). The controls were frequency matched to cases on both maternal race/ ethnicity and year of birth with control-case ratios ranging from 15 to one for blacks and American Indians to 20 to one for Asians and 45 to one for Hispanics.
The following information was available from the birth certificate: infant birth weight and sex; maternal smoking status during pregnancy (yes or no), race/ethnicity, age, marital status, gravidity, parity, time of first prenatal visit, and spontaneous and induced abortions; and paternal age and race. Low birth weight was defined as birth weight less than 2,500 g for all ethnic groups. The relations of both maternal smoking and infant low birth weight with SIDS were evaluated among whites, blacks, American Indians, Asians, and Hispanics on the basis of the mother's race/ethnicity. Information from the Washington State birth certificate that was used for the study has been reported to be quite reliable; the information regarding maternal smoking during pregnancy and birth weight on more than 96 percent of the birth certificates matches the information on the medical records. Over 99 percent of birth certificates match the medical records with respect to the information concerning maternal race/ethnicity (S. Kindsavater, P. Starzyk, Washington State birth certificate data quality study and field program design, The State of Washington Department of Health, unpublished manuscript, 1991).
Population means of birth weight and their standard deviations for individual ethnic groups were derived from the entire Washington State population during the study period. Odds ratios with 95 percent confidence intervals were used to estimate the relative risk. The independent effects of maternal smoking and infant low birth weight on SIDS and their interactive effects with race/ethnicity after adjustment for multiple confounders were estimated by using unconditional logistic regression; an assessment of interaction was based on the multiplicative model (11) (12) (13) . In order to evaluate the direct effect of maternal smoking on SIDS other than through the mechanism of causing low birth weight, the relation between maternal prenatal smoking and SIDS was determined after adjustment for low birth weight. Table 1 presents the characteristics of the study population by using the control group in which minority racial/ethnic groups were not oversampled. Among infants of all races/ethnicities, both maternal smoking during the pregnancy and infant low birth weight were more prevalent among SIDS cases. A larger proportion of the mothers of SIDS cases were age 20 years or younger, unmarried, American Indian or black, and had begun prenatal care later or had had no prenatal care at all. SIDS cases were also • Excludes women with missing data on either birth weight or smoking status. f Odds ratios adjusted (or maternal age, marital status, the month of the first prenatal visit, parity, and maternal smoking or birth weight. more likely to be male, but less likely to be the firstborn child.
RESULTS
The analysis of risk factors for SIDS within individual racial/ethnic groups (table 2) was carried out by using the control groups with minority racial/ethnic groups oversampled. After the effects of infant low birth weight, maternal age, marital status, parity, and prenatal care were taken into account, maternal smoking during pregnancy was independently associated with SIDS among all groups (odds ratio (OR) = 2.2 for whites, 3.1 for blacks, 2.7 for Asians, and 5.5 for Hispanics), although to a much smaller extent among American Indians (OR = 1.4) (table 2). However, the odds ratios for SIDS associated with maternal smoking during pregnancy among individual racial/ethnic groups were not significantly different from each other except between American Indians and blacks (p = 0.04).
Infant low birth weight was an independent risk factor for SIDS among whites (OR = 2.5) and American Indians (OR = 5.5), to a lesser extent among blacks (OR = 1.9), but not among Asians (OR = 1.1) or Hispanics (OR = 1.2), after adjustment for maternal smoking during pregnancy, maternal age, marital status, parity, and prenatal care (table 2). These odds ratios were not significantly different from one another except for those for American Indians and whites; the difference was of borderline significance (p = 0.05).
When racial/ethnic group-specific cutoffs for low birth weight were used (defined as 1.96 standard deviations below population means) (table 3), compared with the estimates shown in table 2 (using a birth weight of less than 2,500 g as a cutoff), the odds ratio for SIDS associated with low birth weight for blacks increased from 1.9 to 2.9, while the association for all other ethnic groups remained virtually the same (the estimate for Asians could not be obtained because of the small number of subjects).
Further adjustment for year of birth and other potential confounders, such as infant sex and maternal history of fetal loss, did not change the above results.
DISCUSSION
The limitations of this study need to be borne in mind when one tries to interpret the results. Measurement of maternal prenatal smoking was based on only one "yes/ no" question. There was no information on the frequency and timing of use, nor on the type of cigarettes used. Although differential misclassification of maternal smoking may not be a major concern, since the information was collected before the occurrence of SIDS and in the same manner for each ethnic group, nondifferential misclassification is a potential source of bias. However, the prevalences of maternal smoking reported by our study population were comparable with those reported in a national survey (14) . Our assessment of confounding factors was limited to the information available on the birth certificates. For example, no information on maternal educational level was available, and the information about family income was only available for three urban counties. However, the information about many major prenatal risk factors for SIDS was available, such as maternal age, marital status, parity, gravidity, prior fetal loss, prenatal care, and infant low birth weight and sex, which allowed us to evaluate the effects of maternal smoking and infant low birth weight after adjustment for these factors.
Our decision to include as cases infants who died suddenly within the first 7 or 28 days after birth could be questioned. Although some previous studies did exclude such cases (2, 5, 6, 8, 9, 15) , the study by Polberger and Svenningsen (16) showed that a certain proportion of SIDS cases do die during the neonatal period. Given the current stage of understanding of SIDS, it has been proposed to include all cases of SIDS regardless of the age at death as long as they meet the diagnostic criteria (3). In our study population, there were seven SIDS cases (0.8 percent) who died during the first week and 65 cases (7 percent) who died before age 28 days. Exclusion of the cases from both these age groups did not change our results, nor were they altered by exclusion of those SIDS cases who did not receive an autopsy (4.8 percent). The incidence of SIDS in Washington State during the study period was 2.46 per 1,000 livebirths. The incidences were 2.44 and 2.34 per 1,000 births after exclusion of those who died before age 7 days and those who did not receive an autopsy, respectively.
Although the data for the entire Washington State population (more than 300,000 persons) during the study period were available for analysis, it was neither feasible nor necessary to do multivariable analysis for a rare disease like SIDS using information from the entire cohort. Our choice of a casecontrol design as opposed to a cohort design was based solely on the consideration of efficiency in the process of analyzing data. On the basis of the final model specified in table 2, the estimates of the relative risk of SIDS associated with maternal smoking and low birth weight derived from the entire cohort were virtually the same as those obtained from the case-control study. (The results are available upon request).
SIDS was found to be less strongly associated with infant low birth weight (less than 2,500 g) among blacks than among whites; it was not associated with low birth weight among Asians or Hispanics in this study. It has long been recognized that blacks have a higher prevalence of low birth weight and higher infant mortality than do whites. However, black low-birth-weight babies have a lower infant mortality rate than do white low-birth-weight babies (10, 17) ; low birth weight is not as strong a predictor of infant mortality among blacks as it is among whites. Different criteria have been proposed to define low birth weight in various ethnic groups in order to better predict adverse outcomes associated with this condition (10, (18) (19) (20) (21) (22) . When low birth weight was defined as 1.96 standard deviations below the mean, the odds ratio for its association with SIDS was the same in whites and blacks (table 3) . It is apparent that the weaker association that we found between SIDS and low birth weight (less than 2,500 g) among blacks is probably due to variation in what is considered true abnormal birth weight among different ethnic groups rather than to any biologic differences. The same explanation could account for the absence of an association between low birth weight (less than 2,500 g) and SIDS among Asians and Hispanics. The effect of the misclassification of infants with normal and abnormal birth weights might be greater in these two ethnic groups in that both have smaller proportions of newborns with a true abnormal birth weight than do blacks (table 3) . However, other cultural, socioeconomic, and biologic factors related to the survival of low-birthweight infants might also contribute to the absence of an association between SIDS and low birth weight in these two groups. In addition, according to currently accepted rules for ICD-9-CM coding, the underlying cause of death for low-birth-weight infants was not classified as SIDS if immaturity was listed as a contributing cause of death on the death certificate. Therefore, if ethnic differences occurred in the listing of the causes and contributing causes of death on the death certificate, they may have contributed to the observed ethnic differences in the risk of SIDS associated with low birth weight.
The lack of a significant association between maternal smoking during pregnancy and SIDS among American Indians is unexpected. It cannot be attributed to differences in smoking behavior with respect to the types of cigarettes and the amount and routes of use since one study showed that these aspects are comparable between American Indians and whites in Washington State (M. W. Oberle, School of Public Health and Community Medicine, University of Washington, personal communication, 1990). It has been reported that there may be a racial difference in nicotine (or cotinine) metabolism and excretion (23) . There is also evidence that American Indians have lower incidences of lung cancer and other smoking-related diseases despite the high prevalence of smoking in this population (24, 25) . Therefore, it is possible that the absence of a strong association of prenatal smoking with SIDS among American Indians reflects a different sensitivity to smoking exposure in this population. On the other hand, the higher frequency of other causal pathways for SIDS, such as young maternal age and unmarried status, might have diminished the relative effect of maternal smoking.
This study reveals that maternal smoking during pregnancy is an independent predictor of SIDS among all ethnic groups except American Indians. Infant low birth weight (less than 2,500 g) is also independently associated with SIDS among whites and American Indians. The weak association between SIDS and infant low birth weight among blacks and the absence of the association among Asians and Hispanics may be largely due to the misclassification of low birth weight in these populations resulting from the application to all ethnic groups of the same definition for this condition. Using the definition of population mean of birth weight minus 1.96 standard deviations as a cutoff provides better insight into the risk of SIDS associated with an abnormally low birth weight. Understanding the reasons for the lower risk of SIDS associated with maternal smoking during pregnancy among American Indians compared with other ethnic groups, should this risk be confirmed, might enhance our knowledge of the etiology and pathogenesis of SIDS.
